grassland ecosystem. In China's temperate grassland, vegetation productivity showed an increasing trend from the 1980s through the 1990s as temperatures increased [4] . In addition, vegetation may respond to sudden climate change. Nevertheless, researchers have different points of view regarding the effects of temperature and precipitation on vegetation dynamics. In the northwestern Loess Plateau, for example, the relationship between rising temperatures and vegetation degradation was negative [5] . On the other hand, the degradation of vegetation is expected to decrease under current climate-trend conditions in Inner Mongolia [6] . Earlier studies have suggested that precipitation has played the most important role for vegetation dynamics, indicating that vegetation is more sensitive to precipitation than to temperature [7] . However, environmental factors such as temperature and precipitation affect vegetation hybrids to a certain extent, and both are analyzed in this paper.
As the most sensitive area in the world to environmental change [8] , the Tibetan Plateau has received considerable attention in terms of responses to climate factors. Many studies have focused on the dynamic distribution of vegetation NPP and the responses to climate factors [9, 10] . In Tibet, the NPP decreased from southeast to northwest [11, 12] due to the different vegetation types [13] . As the research shows, the vegetation NPP responded to annual average temperature and annual precipitation in the Tibetan Plateau. Indeed, the variation of NPP may be influenced by humans through the presence of grazing [14, 15] . Moreover, the Tibet Autonomous Region hosts one of the world's largest pastoral ecosystems [16] [17] [18] [19] . However, human activity and its effect on vegetation dynamics under the impact of climate change should not be ignored [20] , as the vegetation often serves as the primary source of livelihood in many regions [21] . Population expansion and overgrazing may be the cause of the variation in vegetation. While previous studies have focused on the dynamics of climate and vegetation indices and the relationships between them, understanding the long-term interactions of vegetation, climate, and human activity is vital.
Against this background, the present study was undertaken with the following objectives: (a) to explore the spatial-temporal variation in vegetation NPP, temperature, precipitation, the number of animals at yearend (NA), number of rural laborers (NRL), and animal husbandry (AH); (b) to analyze the relationship between NPP, climate, and human activity, and to calculate the impact (as a percentage) of each.
Materials and Methods

Study Area
The Tibet Autonomous Region (26°44′-36°32′N, 78°25′-99°06′E) is located in northwestern China at an average elevation of 4,730 m (Fig. 1) . The total land area is more than 1.23 million km 2 and covers 47.9% of the total area of the Tibetan Plateau. The annual mean precipitation (AMP) of Tibet is approximately 358 mm, and the annual mean temperature (AMT) is 4.2ºC for the period 1982-2013. Most precipitation falls as rain during the summer months (May-September), which accounts for 90% of AMP. The region is mainly comprised of alpine steppe and alpine meadow, and the most important ecosystem is alpine grassland [1, [22] [23] [24] . Vegetation types range from forest in the southeast to grassland in the northwest. Moreover, animal breeding is the principal source of income.
Data Pre-Handling and Methods
The annual NPP was downloaded from MODIS global data set (MOD17) at an 8-km resolution from 2000 to 2012. The NPP product was the first satellite-driven dataset to monitor vegetation productivity based on the NASA Earth Observation System (EOS) program.
Meteorological data used in this study were collected from the Meteorology Information Center of the Chinese National Bureau of Meteorology, which includes annual mean temperature and total precipitation collected from 39 meteorology observatories during 2000-12. AMT and AMP were acquired, and the Kriging interpolation method was used to show spatial distribution patterns.
In terms of NPP, the number of livestock has a direct impact on vegetation, and most rural people grazed their livestock. Thus the number of laborers determined the number of animals. At the same time, the quality of animal husbandry mirrors the level of economic development as a whole (apart from livestock income, which might show an indirect influence on NPP). The humanistic economic data stems from the Tibet Statistical Yearbook and include the number of animals (NA)at year-end, the number of rural laborers (NRL), and information about animal husbandry (AH) in every county from 2000-12. In this study, the average values of the three indicators for this period were used to compare differences on a spatial scale.
To analyze the effects of human activity on vegetation, this study made a correlation analysis at the county scale. Pearson correlation index was used to present the coefficient level between climate, human activity, and NPP (the range is -1 to 1). The more absolute value trends to be 1 (the higher relationship). Following the test, dates used in this paper conform to the hypotheses as follows: there is a line correlation between two variations and both are successive; moreover, the independent variations agree with the Gaussian distribution. In addition, Student's test estimated the significance of correlation, and 0.05 and 0.01 are the inspection standard (significant and extremely significant, respectively). As a result, the correlation coefficient indicates the close degree of relationship. The correlation coefficient p<0.05 represented a significant correlation, while p<0.01 was indicative of an extremely significant correlation. The influence of climate and human activity were each examined accordingly. In addition, the contributions of climate change and human activity to NPP were calculated in R software. Redundancy analysis (RDA) was used to explore the influence on NPP, then expressed by Venn figures. The analysis operations mentioned above were realized using ArcGIS 9.3 (ESRI, Inc., Redlands, CA, USA), SigmaPlot for Windows version 10.0 (Systat Software, Inc., Chicago, IL, USA), and R Core Team (R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria (www.R-project.org). , respectively. Alpine steppe, meadow, and desert steppe are the three biome types, with the alpine steppe and meadow occupying most of the area (Fig. 1) Based on vegetation type, NPP significantly decreased from northwest to southeast (Fig. 2a) and was consistent with the change of annual mean precipitation (Fig. 2c ), but not with annual mean temperature (Fig. 2b) . NPP in the northwestern areas generally varied from 14 to 265 g C m -2 a -1 where alpine and meadow are distributed. In northern Tibet, the annual mean temperature was -1.6-3.5ºC lower than in other zones. Moreover, the density of NA, NAL, and AH show the "gather phenomenon," which is not balanced in temporal scale (Figs. 2d-2f) . As for NA and NAL, we found animals and rural laborers with 0.5-17 head -1 and 0.06-1 people per km 2 in Nyingchi, Ngari and north of Nagqu, Xigaze, respectively. The gather zones were Lhasa and surrounding areas. Similarly, AH also decreased gradually from Lhasa to its environs, apart from eastern Qamdo.
Results and Discussion
As the results have demonstrated, the NPP of the Tibetan Plateau was increasing although it is likely that the average net primary productivity would decrease in China with a warming climate [25] . Nevertheless, the distribution of NPP and annual mean temperature were similar at the temporal scale, which indicates a strong relationship between NPP and temperature. We also know that annual mean precipitation is increasing from northwest to southeast, and similar herds exhibited with NPP. In addition, a tendency toward warming and increased moisture can be identified across the Tibetan Plateau over past decades. Generally, temperature increases were higher in eastern regions than in western regions, and precipitation increased gradually from southern to northern Tibet. Annual precipitation presented an increasing trend across the Tibetan Plateau [26] , but the growing trend ceased until 2000 in Tibet.
In fact, NPP is the accumulation of organic matter made by plants in a unit zone and time. In other words, the variation of NPP represents the dynamic of vegetation. Many researchers report that the areas of vegetation degradation increased in recent years, especially in northwestern [27, 28] and southeastern Tibet. Hence the vegetation is also influenced by human activity and climate factors -especially in recent years when economic development and city growth has been rapid. As a consequence, the imbalance phenomenon of NA, NRL, and AH is significant, which regards Lhasa as the center, and decreased gradually in surrounding regions. Thus the impact of human activity on the production of vegetation would alter the circulation of the ecosystem.
The Changing Trends of NPP, AMT, AMP, NA, NRL, and AH in Tibet Figs 3b, 3c) . There has been a significant trend in AMT (R 2 = 0.683, p<0.001) by 1.82ºC in the past 32 years. On the other hand, a declining trend began in 2000 in terms of AMP (R 2 = 0.171, p<0.001), recording a decrease of approximately 8 mm, which is cause for concern. In recent years, the number of animals at year-end has plummeted (Fig. 3d) , respectively. Our results suggest that the NPP presented an increasing trend in the study area from 2000 to 2012, as it does on the Tibetan Plateau [29] . Globally, over the past 150 years, the mean temperature has risen by 0.4ºC [30] , and by 1.8ºC over the past 32 years in Tibet, while the trend in annual mean precipitation has decreased since 2000. The increases in rural labor have led to an increase in the consumption of natural resources [31] . Although the number of livestock has decreased, this does not indicate a corresponding decrease in influence from human activity on vegetation. In some of the world's metropolises, vegetation degradation would not necessarily result from urbanization because of improved environmental quality [32] . However, in Tibet, where there is a fragile ecosystem [33] , the increased population may bring decreased grassland, and a decline in the number of animals means less pressure from large-scale overgrazing. 
Relationship between NPP and Climate/Human
Activity Factors in Tibet
From Fig. 2 , the distribution of animals is not balanced across Tibet. In Table 2 , the results show that AMT, AMP, and NRL have significant positive relationships with NPP in Tibet (p<0.05). Nevertheless, there is a negative correlation between AMP and NPP in Shannan and Nyingchi. Table 2 shows that only climate factors have a relatively significant impact on the inter-annual variation in NPP in Lhasa. However, these results indicate that the correlation between NRL, NA, and NPP are extremely significant (p<0.01) with multiple R 2 values of 0.747 and 0.779 in Nagqu and Nyingchi, respectively. For the Qando region, AMT (R 2 = 0.701, p<0.01) had a relatively higher influence on NPP than either NRL (R 2 = 0.627, p<0.05) or AH (R 2 = 0.591, p<0.05). There were no significant relationships of NPP with climate or human activity in Xigaze and Ngari.
As shown in Fig. 4 , climate factors and human activity explain 80.1% of the variation in NPP for Tibet. AMT and AMP, as independent variables, contributed 17.28% to NPP, which is lower than NA, NRL, and AH. These together contributed 24.73% (Fig. 4a) . Based on the results in Fig. 4g , the area that had a large change of NPP resulting from human activity is Ngari (36.38%). Furthermore, the percentage of NA, NRL, and AH influence on NPP was only 5.57% and 7.39% in Lhasa and Xigaze, respectively. The contributions of climate factors and human activity were more than 50%, apart from Lhasa and Xigaze. In fact, human activity was higher than climate factors for explaining the NPP dynamic in regions such as Shannan, Nagqu, Nagri, and Nyingchi.
For Tibet, annual mean precipitation and annual mean temperature have negative and positive effects on NPP, respectively, and the distribution of human activity is unbalanced. It is therefore necessary to analyze the effects of climate and human activity on the variations in NPP throughout different administrative divisions. It is worth noting that the number of animals did not have a significant impact on vegetation in Lhasa, which has a large population. However, a significant positive correlation was found between NRL, AH, and vegetation east of Xigaze. In contrast with evidence showing that vegetation resources are threatened by human population growth [6] , a larger population might use vegetation resources more efficiently. A close connection exists between vegetation and human activity [34, 35] . Furthermore, the impact of the percentage of human activity on NPP did not increase human-activity density such as in Lhasa. Nevertheless, in Inner Mongolia, 89.6% of degraded areas can be explained by human activity [6] . Moreover, it cannot be denied that human activity makes up one of the most important factors involved in environmental change. On the other hand, human activity appears to have a greater impact on NPP than climate change (excluding plant growth) [36, 37] .
However, it should be noted that the impact of climate and human activity on vegetation is complex, as other factors can affect vegetation. For example, vegetation affected by extreme weather benefits from the ecological reconstruction programs that have been organized from human activity [38] . If human activity such as industrialization and agricultural cultivation continues to increase, the grassland ecosystem is certain to be altered dramatically [39] . In such an eventuality, it will be necessary to take such measures as limiting grazing to minimize the overall impact due to a warming climate. Apart from climate factors and human activity, soil carbon and total nitrogen also contributed 21-46% for the NPP variation [40] . Of course vegetation self-rehabilitation should be considered in research studies [38] .
Conclusion
Over the past 13 years it has become clear that NPP, AMT, NRL, and AH show an increasing trend. At the temporal scale, NPP increased gradually from northwest to southeast in Tibet, which is similar to AMP. The unbalanced phenomenon of NA, NAL, and AH was observed in Lhasa. In addition, the effect on NPP from human activity should not be ignored: for example, the effect of human activity on NPP accounted for 24.73% in Tibet -more than AMT and AMP with 17.28%. In fact, the NPP was primarily affected by human activity in Nagqu, Ngari, and Nyingchi, and in Qamdo, Nagqu, and Ngari by climate factors.
It seems likely that the effects of human activity will increase with population growth and urbanization. In the near future, controlling population growth is vital for sustainable growth. What is more, fencing is the most important factor for vegetation recovery, which protects the degraded grassland in desert steppe zones. Thus, ecosystem circulation would improve and influence the atmosphere variation at the micro scale. Further studies should be conducted regarding grazing styles and the distribution of residence zones, and effective measurements (such as reasonable grassland controls) should be considered for grazing and improved NPP sustainability.
